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(57) Abstract 

A process for preparing an oligomeric copolymer of an unsaturated acidic reactant and a high molecular weight olefin hav- 
ing a sufficient number of carbon atoms such that the resulting copolymer is soluble in lubricating oil and wherein at least 20 
weight percent of the total olefm comprises an alkylvinylidene isomer, which process comprises reacting the high molecular 
weight olefin with the unsaturated acidic reactant in the presence of a solvent which comprises the reaction product of an unsatu- 
rated addic reacum and a high molecular weight olefm. 
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01 PROCESS rOR PREPARING POLYMERIC DISPERSANTS 

02 HAVING ALTERNATING POLYALKYLENB AND SUCCINIC GROUPS 
03 

04 BACKGROUND OF THE INVENTION 

05 



06 
07 
06 



The present invention relates to a process for preparing 
compositions which are useful as intermediates for dis- 
persants used in lubricating oil compositions or as dis- 

09 persants themselves. In addition, some of the compositions 

10 prepared by the present process are useful in the pce- 

11 paration of high molecular weight dispersants which have 

12 superior dispersant properties for dispersing sludge and 

13 varnish and superior Viton Seal compatibility. Such high 

14 molecular weight dispersants also advantageously Impart 

15 fluidity modifying properties to lubricating oil composi- 

16 tions which are sufficient to allow elimination of some 

17 proportion of viscosity index improver from multigrade 

18 lubricating oil compositions which contain these 

19 dispersants. 



20 



21 It is known in the art that alkenyl-substi tuted succinic 

22 anhydrides have been used as dispersants.. Such alkenyl- 

23 substituted succinic anhydrides have been prepared by two 

24 different processes, a thermal process (see, e.g., U.S. 

25 Patent No. 3,361,673) and a chlorination process (see, e.g., 

26 U.S. Patent No. 3,172,892). The polyisobutenyl succinic 

27 anhydride ("PlBSA") produced by the thermal process has been 

28 characterised as a monomer containing a double bond in the 

29 product. Although the exact structure of chlorination pibsa 

30 has not been definitively determined, the chlorination 

31 process pibsa materials have been characterized as monomers 

32 containing either a double bond, a ring other than a 

33 succinic anhydride ring and/or chlorine in the product. 

34 tsee J. Weill and B. Sillion, "Reaction of Chlorinated 
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01 Polyisobutene with Maleic Anhydrides Mechanism Catalysis by 

02 Dichloromaleic Anhydride", Revue de I'lnstitut Pranyais du 

03 Petrole, Vol. 40, No. 1, pp. 77-89 (January-February, 
1985).] Such compositions include one-to-one monomeric 
adducts (see, e.g., U.S. Patents Nos. 3,219,666; 3,381,022) 
as well as adducts having polyalkenyl-derlved substituents 

07 adducted with at least 1.3 succinic groups per polyalkenyl- 
derived substituent (see, e.g., U.S. Patent No. 4,234,435) 



10 In addition, copolymers of maleic anhydrides and some ali- 

11 phatic alpha-olefins have been prepared. The polymers so 

12 produced were useful for a variety of purposes including 
13. dispersants for pigments and intermediates in the prepara- 

14 tion of polyesters by their reaction with polyols or poly- 

15 epoxides. However, olefins having more than about 30 carbon 

16 atoms were found to be relatively unreactive. (See, e.g 

17 O.S. Patents Nos. 3,461,108; 3,560,455; 3,560,456; 

18 3,560,457; 3,580,893; 3,706,704; 3,729,450; and 3,729,451) 



commonly assigned copending U.S. patent application Serial 

21 NO. 251,613, to James J. Harrison, filed September 29, 1988 

22 entitled "Novel Polymeric Dispersants Having Alternating ' 

23 Polyalkylene and Succnic Groups" discloses copolymiirs pre- 

24 pared by reacting an unsaturated acidic reactant, such as 

25 «aleic anhydride, with a high molecular weight olefin, such 

26 as polyisobutene, in the presence of a free radical initia- 

27 tor, wherein at least about 20 percent of the total high 

28 molecular weight olefin comprises an alkylvinylidene isomer 

29 and wherein the high molecular weight olefin has a suffi- 

30 cient number of carbon atoms such that the resultng coolymer 

31 is soluble n lubricating oil. m U.S. Serial No. 251,613 

32 it is also taught that the reaction may be conducted neat'or 

33 in the presence of a solvent in which the reactants and free 

34 radical initiator are soluble. Suitable solvents disclosed 
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01 in U.S. Serial No. 251,613 include liquid saturated or 

02 aromatic hydrocarbons having from 6 to 20 carbon atoma, 

03 ketones having from 3 to 5 carbon atoms and liquid saturated 

04 aliphatic dihalogenated hydrocarbons havng from 1 to 5 

05 carbon atoms. Examples of solvents taught in U.S. Serial 

06 No. 251,613 are acetone, tetrahydrofuran, chloroform, 

07 methylene chloride, dichloroethane , toluene, dloxane, 

08 chlorobenzene and xylene. 
09 

10 The use of halogenated hydrocarbons as a solvent in the; 

11 reaction of unsaturated acidic reactants, such as maleic 

12 anhydride, and high molecular weight olefins of the type 

13 described in U.S. Serial No. 251,613 has a number of 

14 disadvantageis. Such solvents are expensive, they are 

15 environmentally undesirable and they impede recycling of 

16 lubricating oils because of the residual halogen content. 

18 m the above-described reaction, the solvent is used 

19 primarily to solubilize the unsaturated acidic reactant, but 

20 also serves to reduce the viscosity of the reaction mixture. 

21 Unsaturated acidic reactants such as maleic anhydride are 

22 not very soluble in high molecular weight olefins at typical 

23 reaction temperatures of 50*»C to 210»C. When the unsatu- 

24 rated acidic reactant is maleic anhydride, it has been found 

25 that if the maleic anhydride forms a separate phase due to 

26 poor solubility, not only is the reaction rate negatively 

27 affected, but an undesirable resin or tar-like substance is 

28 formed which is believed to be polymaleic anhydride. Conse- 

29 quently, it would be highly advantageous to provide a pro- 

30 cess which avoids this condition, without having to resort 

31 to a halogenated hydrocarbon solvent. 

32 
33 
34 
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09 




The present invention is directed to a process for preparing 
an oligomer ic copolymer of an unsaturated acidic reactant 
and a high molecular weight olefin having a sufficient num- 
ber of carbon atoms such that the resulting copolymer is 

07 soluble In lubricating, oil and wherein at least 20 weight 

08 percent of the total olefin comprises an alkylvlnylidene 
isomer, which process comprises reacting the high molecular 

10 weight olefin with the unsaturated acidic reactant in the 

11 presence of a free radical initiator and a solvent which 

12 comprises the reaction product of an unsaturated acidic 

13 reactant and a high molecular weight olefin. Preferably, 

14 the solvent comprises (a) an oligomeric copolymer of an 

15 unsaturated acidic reactant and a high molecular weight 

16 olefin; or (b) a monomeric adduct of an unsaturated acidic 

17 reactant and a high molecular weight olefin in at least a 
la one to one mole ratio of acidic reactant to olefin; or a 
19 mixture thereof. 

20 

21 The copolymers produced by the present process have alter- 

22 nating succinic and polyalkylene groups. Suitable olefins 

23 for use in preparing these copolymers include those having 

24 about 32 carbon atoms or more, preferably having about 52 

25 carbon atoms or more. Those preferred high molecular weight 

26 olefins include polyisobutenes . Especially preferred ole- 

27 fins for use in preparing the copolymer products are poly- 

28 Isobutenes having average molecular weights of from about 

29 500 to about 5000 and in which the alkylvlnylidene isomer 

30 comprises at least SO percent of the total olefin. 
31 

32 The copolymers prepared by the process of the invention are 

33 useful as dispersants themselves and also as intermediates 

34 in the preparation of other dispersant additives having 
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01 improved dispersancy and/or detergency properties when 

02 employed in a lubricating oil. These cDpolymere are also 
advantageous because they do not contain double bonds, rings 
other than succinic anhydride rings, or chlorine (in 
contrast to thermal and chlorination PlBSAs) and as such 
have improved stability, as well as improved environmental 

07 properties due to the absence of chlorine. 



03 

04 

05 
06 



08 
09 



The copolymers produced by the Instant process can also be 

10 used to form polysuccinlmides which are prepared by reacting 

11 the copolymer with a polyamine to give a polysuccinimide . 

12 such polysuccinlmides include mono-polysuccinimides (where a 

13 polyamine component reacts with one succinic group), bls- 

14 polysuccinlmides (where a polyamine component reacts with a 

15 succinic group from each of two copolymer molecules, thus 

16 effectively cross-linking the copolymer molecules), and 

17 higher polysuccinlmides (where a polyamine component reacts 

18 with a succinic group from each of greater than 2 copolymer 

19 molecules). These polysucclnimides are useful as dlsper- 

20 sants and/or detergents in fuels and oils. in addition, 

21 these polysuccinlmides have advantageous viscosity modifying 

22 properties, and may provide a viscosity index credit 

23 ("V.I. credit") when used in lubricating oils, which may 

24 permit elimination of some portion of viscosity index 

25 improver ("V.I. improver") from multigrade lubricating oils 

26 containing the same. 



27 



28 in addition, such polysuccinlmides can form a ladder poly- 

29 merle structure or a cross-linJced polymeric structure. 

30 These structures are advantageous because it is believed 

31 such structures are more stable and resistant to hydrolytic 

32 degradation and also to degradation by shear stress. 



33 
34 
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Moreover, the copolymers prepared by the present process can 
be employed to make modified polysuccinimides wherein one or 
more of the nxtrogens of the polyamine component is sub- 
stituted wxth a hydrocarbyl oxycarbonyl, a hydroxyhydrocar- 
byl oxycarbonyl or a hydroxy Poly(oxyallcylene ).oxycarbonyl 
These modified polysuccinimides are improved dispersants 
and/or detergents for use in fuels or oils. 



Accordingly, the copolymers made by the present process are 
useful in providing a lubricating oil composition comprising 
• major amount of an oil of lubricating viscosity and 1^ 
amount of a copolymer, polysuccinimide or modified succini- 
»ide additive sufficient to provide dispersancy and/or 
14 detergency. These additives may also be formulated in 

lubricating oil concentrates which comprise from about 90 to 
about 50 weight percent of an oil of lubricating viscosity 

17 and from about 10 to about 50 weight percent of the 

18 additive. 



15 
16 



19 
20 

21 



23 
24 



Furthermore, the copolymers formed by the present process 

« H\T '° ' '"^^^ composition comprising a major 

22 portion of a fuel boiling in a gasoline or diesel range anl 
5. an amount of copolymer, polysuccinimide or modified succini- 
«ide additives sufficient to provide dispersancy andZ 

25 detergency. These additives can also be used to make fuel 

26 concentrates comprising an inert stable oleophilic organic 

27 solvent boiling in the range of about 150T to about ITo'l 

28 and from about 5 to about 50 weight percent of such 

29 additive. 



30 

31 Definitions 
32 



33 AS used herein, the following terms have the following 

34 meanings unless expressly stated to the contrary. 
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01 The term "unsaturated acidic reactants" .refers to maleic or 

02 fumaric reactants of the general formula: 

03 

04 0 0 

06 

07 wherein X and X' are the same or different, provided that at 

08 least one of X and X' is a group that is capable of reacting 

09 to esterify alcohols, form amides or amine salts with ammo- 
10. nia or amines, form metal salts with reactive metals or 

11 basically reacting metal compounds and otherwise function as 

12 acylating agents. Typically, X and/or X^ is -OH, -O-hydro* 

13 carbyl, where 11 represents one equivalent of a metal, 

14 ammonium or amine cation, -NH^ , -CI, -Br-, and' taken together 

15 X and X' can be -O- so as to form an anhydride. Preferably 

16 X and X' are such that both carboxylic functions can enter 

17 into acylation reactions. Kaleic anhydride is a preferred 
IB unsaturated acidic reactant. Other suitable unsaturated 

19 acidic reactants include electron-deficient olefins such as 

« ■ 

20 monophenyl maleic anhydride; monomethyl, dimethyl, mono- 

21 chloro, monobromo, monofluoro, dichloro and difluoro maleic 

22 anhydride; N-phenyl maleimide and other •substituted 

23 maleimides; isomaleimides ; fumaric acid, maleic acid, alkyl 

24 hydrogen maleates and fumarates, dialkyl fumarates and 

25 maleates, fumaronilic acids and maleanic acids; and 

m 

26 maleoni trile , and f umaroni trile • 
27 

28 The term "alkylvinylidene" or "alkylvinylidene isomer" 

29 refers to high molecular weight olefins and polyalkylene 

30 components having the following vinylidene structure 

31 

32 f2 

33 / \ 

34 R Rv <"I) 
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01 wherein R. is alkyl or substituted alkyl of sufficient chai 
length to give the resulting molecule solubility in 
lubricating oils and fuels, thus R generally has at least 
about 30 carbon atoms, preferably at least about 50 carbon 

05 atoms and is lower alkyl of about 1 to about 6 carbon 

06 atoms . 



n 



08 The term "soluble in lubricating oil" refers to the ability 

09 of a material to dissolve in aliphatic and aromatic hydro- 
carbons such as lubricating oils or fuels in essentially all 

11 proportions. 

12 

13 The term "high molecular weight olefins" refers to olefins 

14 (including polymerized olefins having a residual unsatura- 

15 tlon) of sufficient molecular weight and chain length to 

16 lend solubility in lubricating oil to their reaction prod- 

17 ucts. Typically olefins having about 32 carbons or greater 

18 (preferably olefins having about 52 carbons or more) 

19 suffice. 

20 

21 The term "high molecular weight polyalkyl" refers to poly- 

22 alkyl groups of sufficient molecular weight and hydrocarbyl 

23 chain length that the products prepared having such groups 

24 are soluble in lubricating oil. Typically these high 

25 molecular weight polyalkyl groups have at least about 30 

26 carbon atoms, preferably at least about 50 carbon atoms. 

27 These high molecular weight polyalkyl groups may be derived 

28 from high molecular weight olefins. 
29 

30 The term "PlBSA" is an abbreviation for polyisobutenyl 

31 succinic anhydride. 

32 

33. The tern "polyPlBSA" refers to a class of copolymers within 
34 the scope of the present invention which are copolymers of 
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01 polyisobutene and an unsaturated acidic reactant which have 

02 alternating succinic groups and polyisobutyl groups. 

03 PolyPIBSA has the general formula 



04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 



16 
17 
IB 



20 
21 
22 
23 
24 
25 



0 



i t 

«1 «3 



n 



^5 wherein n is one or greater; Rj^, r^, and R^ are selected fron 
hydrogen, methyl and polyisobutyl having at least about 30 carbon 
atoms (preferably at least about 50 carbon atoms) wherein either 
Rj and Rj are hydrogen and one of R^ and R^ is methyl and the 
other is polyisobutyl, or R, and R. are hydrogen and one of R, 
and Rj is methyl and the other is polyisobutyl. 



The term "PlBSA number" refers to the anhydride (succinic group) 
content of polyPlBSA on a 100% actives basis. The PIBSA number 
is calculated by dividing the saponification number by the per- 
cent polyPlBSA in the product. The units are mg koh per gram 
sample . 



The term "succinic group" refers to a group having the formul 



27 
2B 
29 

" O 

31 I 

32 -f-^-" 

33 -CH-C-Z (IV) 
3^ O 
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wherein w and Z are Independently selected from th 
consistxng of -OH, -ci, -o- lower alkyl or taken t, 



^ group 

03 are -o- to for- . succinic anhydride ,roup. ",h.' te"^"'^ 

04 lower alkyl" is ne.nt to include allco.y of 1 to 6 

05 atoms. 



carbon 



the term -desree of polymerisation" expresses the lenath of 
. linear polymer and refer, to the number of repl.^"' 

09 (monomeric) unit, in the chain. The avera,, moLcuIar 

10 -..9ht Of a polymer i. the product of the d.or.e If 
isatio, and the avera,. molecular weight of repeHir'" 

« unit (monomer,. Accordingly, th. average de,r« of pol" 

13 meris.tion is calculated by dividinc th. .„ ^' 

^ . ' aivioing the averaoe molecuiar 

14 weight of the polymer bv the , , "oxecuiar 

f yatet oy cne average molecular welqht of i-h<> 

15 repeating unit. eigne of the 

16 

17 The term "polysuccinimide- refers to the reaction product of 

18 a copolymer made by the present process with polyaL^e 

20 

Pg^^ILED DESCRlPTtQM r^ F THE INVB ^r^Tr>x. 

22 ' ' 

23 
24 

25 The copolymers m^de by the present process are prepared 

26 reacting a high molecular weight olefin whereL at iMst 

27 about 20% of the total olefin composition comprilee the 

28 alkylvinylidene isomer and an unsaturated aciL "e.c^ant in 

29 the presence of a free radical initiator and a solvent com 

30 prising the reaction product of an unsaturated aciLc 

31 reactant and a high molecular weight olefin. Preferably 

32 the solvent comprises (a) an oligomeric copolymer of an 

33 unsaturated acidic reactant and a high molecuLr wexght 

34 Olefin or (b, a monomeric adduct of an unsaturated acidic 
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01 
02 



04 

05 
06 



reactant and a high molecular weight olefin in at least a 
one to one mole ratio of acidic reactant to olefin; or a 
03 mixture thereof. Suitable high molecular weight olefins 
have a sufficient number of carbon atoms so that the 
resulting copolymer is soluble in lubricating oil and thus 
have on the order of about 32 carbon atoms or more. Pre- 

07 ferred high molecular weight olefins are polyisobutenes and 

08 polypropylenes. Especially preferred are polyisobutenes, 
particularly preferred are those having a molecular weight 
of about SOD to about 5000, more preferably about 900 to 

11 about 2500. Preferred unsaturated acidic reactants include 

12 maleic anhydride. 



09 
10 



13 



14 Since the high molecular weight olefins used in the process 

15 of the present invention are generally mixtures of indi- 

16 vidual molecules of different molecular weights, individual 

17 copolymer molecules resulting will generally contain a mix- 

18 ture of high molecular weight polyalkyl groups of varying 

19 molecular weight. Also, mixtures of copolymer molecules 
" having different degrees of polymerization will be produced 



20 
21 



22 The copolymers made by the process of the present invention 

23 have an average degree of polymerization of 1 or greater 

24 preferably from about 1.1 to about 20, and more preferably 

25 from about 1.5 to about 10. 



26 



reac'- 



27 m accordance with the process of the present invention, the 

28 desired copolymer products are prepared by reacting a 

29 tive- high molecular weight olefin in which a high propor- 

30 tion of unsaturation, at least about 20%, is in the 

31 alkylvinylidene configuration, e.g.. 



32 

33 
34 
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03 

04 

OS 

06 

07 

06 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 



I ^ 

/ \ 

wherein R and are as previously defined in conjunction 
with Formula ill, with an unsaturated acidic reactant in the 
presence of a free radical initiator and an oligomeric or 
monomeric solvent as described above. The product copolymer 
has alternating polyalkylene and succinic groups and has an 
average degree of polymer iaation of l or greater. 



The copolymers prepared by the 
general formula: 



instant process have the 



O- 



I 

c 

I 

H 



Z' 
I 

c-o 

I 

CH— 



«2 

r 

■c- 

I 

R. 



r 

•c- 

l 



n 



wherein W and Z' are independently selected from the group 
consistxng of -OH, -o- lower alkyl or talcen together are -o- 

to form a succinic anhydride orouo n ^ 

^ . ^ y ae group, n is one or greater; and 

y R^' ^3^'^'* ^4 selected from hydrogen, lower alkyl of 

1 to 6 carbon atoms, and high molecular weight polyalkyl 
Wherein either R^ and R^ are hydrogen and one of R, and R 
is lower alkyl and the other is high molecular weight poli- 
alkyl, or R3 and R^ are hydrogen and one of R, and R is 
lower alkyl and the other is high molecular weight 
polyalkyl. ^ 



In 



a preferred embodiment, when aaleic anhydride is used 
the unsaturated acidic reactant, the reaction produces 
copolymers predominately of the following formula- 



as 
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01 
02 
03 
04 

05 

06 
07 
08 

09 
10 
11 



O 



r r 

c c 

t I 

Rf »3| (lA) 



n 



wherein n is about 1 to about 100, preferably about 2 to 
about 20. more preferably 2 to 10. .and R^^, R^, and R^ are 
selected from hydrogen, lower alkyl of about 1 to 6 carbon 
atoms and higher molecular weight polyalkyl, wherein either 

16 ^'l **2 hydrogen and one of Rj and R^ is lower alkyl 

and the other is high molecular weight polyalkyl or R, and 

18 *4 hydrogen and one of R^ and R^ is lower alkyl and the 

other is high molecular weight polyalkyl. 

20 

Preferably, the high molecular weight polyalkyl group has at 

22 least about 30 carbon atoms, preferably at least about 50 

23 carbon atoms. Preferred high molecular weight polyalkyl 

2^ groups include polyisobutyl groups. Preferred polyisobutyl 

25 groups include those having average molecular weights of 

2g about 500 to about 5000. more preferably from about 900 to 

2^ about 2500. Preferred lower alkyl groups Include -methyl and 

28 especially preferred lower alkyl groups include 

methyl. 

29 
30 

Generally, such copolymers contain an initiator group. 1, 

32 and a terminator group, t. as a result of the reaction with 

33 the free radical initiator used in the polymerization 
3^ reaction. in such a case, the initiator and terminator 

groups may be 
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08 
09 
10 
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12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 



O 
I 



O 
I 

R^OCO 



I 

R,OC 
I 



o 

I 

C-0 



»h.r. B, 1. hydrogen, alkyl, alkaryl. cycloalkyi, 

ILlJll V", V =P"on.lly .„h«lt»t.a With 4 

•ubttituents independently selected £to. nitrile k.t» 

"o. the T'" '""P -y be derlv;d 

fro. the reaction product ot the initiator with another 

material, such a& solvent. • 

th! IZIT"" "^^'^""^ 

the P1BSA8 prepared by the thermal process in that the 
thermal process products contain a double bond and a singly 
substituted succinic anhydride grouo th-i- singly 
one to one adduct. ,he Lpoly^rrT „ a" dli rh."":::::: 

^ ciorLa i 

other ?" """"" • a rln, 

other than a anccinic anhydride rln,, or one or .or^ 

Chlorine atoms. 

* 

The copolymers prepared bv th. r^r-^^ i. 

d«,.Ki- \4 . P«»^ea oy the present process contain no 
chlotinrT' other than succinic anhydride rings, or 

Chlorine atoms. in addition, the succinic anhydride groups 
are doubly substituted (i.ee. have two eubsti tuents, L of 
Which n.ay be hydrogen, at the 2- and 3-positions, t[..T\. 



0 0 0 
1 4 

2 3 
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01 Ml) High Mol 

02 
03 




05 
06 
07 
06 
09 



The high molecular weight polyalkyl group is derived from a 
04 high molecular weight olefin. The high molecular weight 
olefins used in the preparation of the instant copolymers 
are of sufficiently long chain length so that the resulting 
composition is soluble in and compatible with mineral oils, 
fuels and the like; and the alkylvinylidene isomer of the 
high molecular weight olefin comprises at least about 20% of 
10 the total olefin composition. 
11 

12 Such high molecular weight olefins are generally mixtures of 

13 molecules having different molecular weights and can have at 

14 least one branch per 6 carbon atoms along the chain, pre- 

15 ferably at least one branch per 4 carbon atoms along the 

16 chain, and particularly preferred that there be about one 

17 branch per 2 carbon atoms along the chain. These branched 
IB chain olefins may conveniently comprise polyalkenes prepared 

by the polymerization of olefins of from 3 to 6 carbon 
atoms, and preferably from olefins of from 3 to 4 carbon 

21 atoms, and more preferably from propylene or isobutylene. 

22 The addition-polymerizable olefins employed are normally 

23 1-oleflns. The branch may be of from 1 to 4 carbon atoms, 

24 more usually of from 1 to 2 carbon atoms and preferably 

25 methyl. 

26 

27 The preferred alkylvinylidene isomer comprises a methyl- or 

28 ethylvinylldene isomer, more preferably the me thylvinylidene 

29 isomer. 



19 
20 



30 



31 The especially preferred high molecular weight olefins used 

32 to prepare the instant copolymers are polyisobutenes which 

33 comprise at least about 20% of the more reactive methyl- 

34 vinylidene isomer, preferably at least 50% and more 
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01 preferably at least 70%. Suitable polyisobutenes include 



02 
03 
04 
05 
06 
07 
08 
09 
10 



those prepared usxng BF3 catalysis. The preparation of such 
polyxsobutenes in which the methylvinylidene isomer com- 
prises a high percentage of the total composition is 
described in U.S. Patents Nos. 4,152,499 and 4,605,808. 

Polyisobutenes produced by conventional Alcl, catalysis when 
reacted with unsaturated acidic reactants, such as Leic 
anhydride, in the presence of a free radical initiator, pro- 

duce products similar to thermal pibsa in m«i« . . 
--^ ^ eiBSA in molecular weight 

11 and thus do not produce a copolymeric product. 
12 

13 Preferred are polyisobutenes having average molecular 

14 weights of about 500 to about 5000. Especially preferred 

15 are those having average molecular weights of about 900 to 

16 about 2500. 

17 

" A(2) unsaturated a^<h<^ «>,..,^.,nf 

19 

20 The unsaturated acidic reaefca^^ i.e.^ t ..w 

owiBic reaccant used in the preparation 

21 the instant copolymers comprises a maleic or fumaric 

22 reactant of the general formula: 
23 
24 

O o 

25 I y 

26 X-C-C H ,,. CH-C-X ' 

27 wherein x and X' are the same or di£f«ron«- ^ 

iiBtuB u£ aitxerent, provided that^ a*- 



of 



20 

29 



30 or ai.ine», lor. m.t.l .«lts with reactive Mt.l, or 

31 b..ic.lly r..ctin, „et.l co.,pound. and otherwise tunction to 

32 .cylate. Typically, x .„a/or x- i. -OH. -0-hydroc.rbyl 

V. ITJIVII •'."'v^l.nt o£ a „t.l, aL;„iu. 

34 or amine cation, -nh^. -ci -Br «. . 

^2' -Br* and taken together X and x" 
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04 
05 
06 



01 can be -O- so as to form an anhydride. Preferably x a„H 

02 are such that both carboxylic functions can enter into 

03 acylation reactions. Preferred are acidic rerc^„tr i 

04 and X' are oar-K i ^ reactants where x 
Titi I xndependently selected from the group con- 
slstlng Of -OH, -ci, -o- lower aUyl and when taken 
together, x and X' are -o-. «alelc anhydride is the or. 

07 ferred acidic reactant. other suitabl/acidlc reactantT 
" .^"^^f -'^^"cient Olefins such as .onophen;r:a,.ic 

anhydride; monoaethyl, dimethyl, monochloro, monobromo 
«onofluoro, dichloro and difluoro maleic ««hJ ?! 
-alelmlde and other substituted ^.^l^^T^:^'' 
fumaric ac.d, maleic acid, alkyl hydrogen maieates a^d 
fu«arates, dialKyl fuaarates and maieates, fularo^iirc acids 
and maleanic acids; and maleoni trile, and fumaronrtrile? 

ITlT/ """^""^^'^ ^^'^^^ reactants include maleic 

17 anhydride, and maleic acid. The particularly preferred 

18 acidic reactant is aaleic anhydride P«^eferred 
19 

20 A(3) General Pre 



08 
09 

10 
11 
12 
13 
14 
15 



21 



mer 



22 AS noted above, the copolymers made by the process of the 

II ZT. : :r '"^"-^ » -secular 

24 weight olefin and an unsaturated acidic reactant in The 

25 presence of a free radical initiator . ^ 

26 as described herein. ^"^t^**^" "d a specific solvent. 



27 



29 MO. 251,613 It 1. t«u9ht that th. reaction of hi.), , 
3. w.l,ht cle.ln u„„tur.t.a .cldlc ZZH i"'t,r 

32 or with , solvent, such .. a saturated or aromatic hvdr! 

33 carton, a Xetone or a liquid saturated allph." " 

34 dihalogenated hydrocarbon. 
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01 It has now been found that when this reaction is carried out 

02 neat, that is, in the absence of any solvent, a significant 

03 amount of resin is formed, presumably from polymerization of 

■ 

04 the unsaturated acidic reactant. 
05 

06 This problem can be somewhat avoided by employing a 

07 halogenated hydrocarbon solvent, but the use of such sol- 
OS vents also has certain drawbacks. Halogenated hydrocarbon 

09 solvents are both expensive and environmentally undesirable • 

10 Moreover, they impede the recycling of lubricating oils 

11 because of the residual halogen content. 

12 

13 It has now been discovered that oligomeric copolymers of 

14 high molecular weight olefins and unsaturated acidic reac- 

15 tants can be prepared in improved yields by employing a 

16 solvent which comprises the reaction product of an • 

17 unsaturated acidic reactant and a high molecular weight 

18 olefin. Preferably, the solvent comprises either (a) an 

19 oligomeric copolymer of an unsaturated acidic reactant and a 

20 high molecular weight olefin or (b) a monomeric adduct of an 

21 unsaturated acidic reactant and a high molecular weight 

22 olefin in at least a one— to-one mole ratio of acidic 

23 reactant to olefin. Mixtures of (a) and (b) may also be 

24 employed as the solvent* 

25 

26 Por use as a solvent, the oligomeric copolymer of 

27 unsaturated acidic reactant and high molecular weight olefin 

28 can be conveniently obtained by retaining a portion of the 

29 oligomeric copolymer product from a previous run. Alterna- 

30 tively, the solvent may be a monomeric adduct of an 

31 unsaturated acidic reactant and a high molecular weight 

32 olefin in at least a 1:1 ratio of acid to olefin, which can 

33 be readily prepared via the known "thermal process" or the 

34 known "chlorination process*", as described above. For use 
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01 in preparing the monomeric adduct, the high molecular weight 

02 olefin may contain less than 20% of the alkylvinylidene 

03 isomer. 

04 

05 Preferred solvents include the oligomeric copolymer product 

06 of maleic anhydride and polyisobutene, that is, "polyPlBSA", 

07 as defined above, and the monomeric adduct of maleic 

OB anhydride and polyisobutene , namely, polyisobutenyl succinic 

09 anhydride or "PIBSA"* A particularly preferred solvent is 

10 polyPZBSA. 

11 

12 The "thermal" PIBSA described above is well known in the 

13 art. One method of preparing thermal pibsa is disclosed in 

14 U.S. Patent No. 3,361,673, the disclosure of which is 

15 incorporated herein by reference for its teachings on 

16 preparing thermal PIBSA. The "chlorination process" PiBSA 

17 described above is also well known in the art. One method 

18 of preparing chlorination process PIBSA is disclosed in 

19 U.S. Patent No. 3,172,892, the disclosure of which is 

20 incorporated herein by reference for its teachings in 

21 preparing chlorination process PIBSA. 
22 

23 The amount of solvent employed should be such that it can 

24 dissolve the acidic reactant and the high molecular weight 

25 olefin, in addition to the resulting copolymers. The volume 

26 tatio of solvent to high molecular weight olefin is suitably 

27 between 1:1 and 100:1, and is preferably between l.Sil and 

28 4:1. 

29 

30 The reaction may be conducted at a temperature in the range 

31 of about 90*C to about 210*C, and preferably from about 

32 130«C to about 150*C. Reaction at lower temperatures works 

33 ^ point, but the reaction solution generally becomes 

34 viscous and therefore requires added heat to obtain 
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01 satisfactory reaction. Although not wishin- - w w 

„, .«ecf. Wherein th. £„e „«c.X initiator L tr«o.d i 
the .cxvent/reactlon .l„ur. and therefore caLo 
e££eet.vely initiate the polya.rlz.tion reaction. 

Alth.u,h it ha. been observed that reaction ..y be alow or 
inco.pl,te below th. preferred tamperature r.„=. ! 
130-c to ISO'C. it 1. .nvialoned that stl»„i^" !h 
teBp.rat«re up in increment, fro. . .1^^ "action 
il could provide .dvanta,eou. r..r. Th 
1. Of th,.e incremental te.peratur. .tSl lT^ZtlTlll ''" 
13 about 140'C when co.plete reaction i. desired 

14 

in general, the copolymerization process of the present 
invention can be initiated by any free radical Lnilllll 
17 such initiators are well .nown in the art. HoweCer "^e 

:e:c:ro°'/"^ ""'"^^^^ ^« infi.en rr;y 

reaction temperature employed. 



03 effect 

04 
05 
06 
07 
08 
09 
10 



21 The preferred free-radical initiators ar« ^K 

22 polymerization initiators and the Z P^oxide-type 

23 initiators. Kadiation can also L useT:: H ^riL"::"" 

24 reaction, if desired. initiate the 



25 



26 The peroxide-type free-radical initiator k 
„ lnor,.„lc. th. or,a.lo havin, the ene" i r::i::"r:<.r. 
2, whet. R 1. any organic radical and R • i= ^^^S 
,«up conalstln, of hydrogen and a^y'^rglL * ^ "a/'^t"' 

30 ">3 '""S «3' be organic radical., pref.rahl/h - 

31 "oyl, and acyl radicals, carrying it llT l hydrocarbon, 

:::ertiL"""" ^-"-"'^^ P«oxyb.„„ate. and dlcu.yl 
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01 Examples of other suitable peroxides, which in no way are 

02 limiting. Include benzoyl peroxide; lauroyl peroxide; other 

03 tertiary butyl peroxides; 2, 4-dichlorobenzoyl peroxide; 
tertiary butyl hydroperoxide; cumene hydroperoxide; diacetyl 

05 peroxide; acetyl hydroperoxide; dlethylperoxycarbonate; 

06 tertiary butyl perbenzoate; and the like. 



04 



07 

08 The azo-type compounds, typified by alpha, alpha '-azo-blslso- 

09 butyronltrile, are also well-known free-radical promoting 

10 materials. These azo compounds can be defined as those 

11 having present in the molecule group -n->n wherein the 

12 balances are satisfied by organic radicals, at least one of 

13 which is preferably attached to a tertiary carbon. Other 

14 suitable azo compounds include, but are not limited to, 

15 p-bromobenzenedlazonlum fluoborate; p-tolyldlazoamlnoben- 

16 zene; p-bromobenzenedlazonlum hydroxide; azomethane and 

17 phenyldiazonium halides. a suitable list of *2o-type com- 

18 pounds can be found in U.S. Patent No. 2,551,813, issued 

19 May 8, 1951 to Paul Plnkn'ey. 
20 

21 The amount of initiator to employ, exclusive of radiation, 

22 of course, depends to a large extent on the particular 

23 initiator chose, the high molecular olefin used and the 

24 reaction conditions. The initiator must, of course, be 
soluble in the reaction medium. The usual concentrations of 

26 initiator are between 0.001:1 and 0.2:1 moles of Initiator 

27 per mole of acidic reactant, with preferred amounts between 

28 0.005:1 and 0.10:1. 

29 

30 In carrying out the process of the invention, a single free 

31 radical initiator or a mixture of free radical initiators 

32 nay be employed. The initiator may also be added over time. 

33 Por example, it may be desirable to add an initiator having 

34 a low decomposition temperature as the mixture is warming to 
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01 



reaction temperature, and then add an initiator having a 

02 higher decomposition temperature as the mixture reaches 

03 higher reaction temperatures. Alternatively, a combination 

04 of initiators could both be added prior to heating and 

05 reaction. in this case, an initiator having a high decom- 
- position temperature would initially be inert, but would 

later become active as the temperature rose. 



06 
07 
OB 
09 



The reaction pressure should be sufficient to minimize 

10 losses of acidic reactant to the vaoor nha«<. 

^. , ^ vapor pnase. Pressures can 

11 therefore vary between about atmospheric and 100 psig or 

12 higher, but the preferred pressure is atmospheric. 

13 . • * 

14 The reaction time is usually sufficient to result in the 

15 substantially complete conversion of the acidic reactant and 

16 high molecular weight olefin to copolymer. The reaction 

17 time is suitable between one and 24 hours, with preferred 

18 reaction times between two and ten hours.. 
19 

20 AS noted above, the subject reaction is a solution-type 

21 polymerization reaction. The high molecular weight olefin 

22 acidic reactant, solvent and initiator can be brought 

23 together in any suitable manner. The important factors are 

24 intimate contact of the high molecular weight olefin and 

25 acidic reactant in the presence of a free-radical produclnc 

26 material. *^ "ucxng 

27 

28 Although the following description shows the use of polv- 

29 isobutene (MB), ttaleic anhydride (ma) and polyisobutenyl 

30 succinic anhydride (PlBSA), it is Intended to be merely 

31 exemplary and the disclosure is intended to apply equally 

32 well to other high molecular weight olefins, unsaturated 

33 acidic reactants and the reaction products therefrom 

34 Moreover, the following exemplary polyPiBSA disclosure is 
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02 
03 
04 
05 
06 



Intended to apply equally well to the copolymer reaction 
product of any of the unsaturated acidic reactants and high 
molecular weight olefins described herein. 



08 
09 



13 



16 



18 



The reaction can be run either batchwlse or continuously 
The reaction teoperature range is about 90-C to 210-C and 
07 preferably about 130-C to ISQoc. The reactor temperature 
^ effects the molecular weight distribution, and this can 

influence the ratio of maleic anhydride to polybufne that 
10. is fed to the reactor. Theoretically the naleic anhydride 

11 Charge can range from 1 to 2 »oles of aaleic anhydride per 

12 mole of methyl vinylidene isomer of PiB. Typically the 
fT T'"^ initiator is charged at 0.1 „oles initiator per 

14 1.0 moles naleic anhydride, although this can vary The 

15 reaction can be carried out at atmospheric pressure, 
although at the higher temperature range it may be desirable 

17 to pressurize the reactor slightly (i.e., IQ psig) to 

- suppress the loss of maleic anhydride to the vapor phase 
19 Neutral oil can be used to reduce the viscosity of the 

- mixture, but this can be deleterious to the reaction rate 
21 and productivity of the reactor. 
22 

If the reaction is run batchwise, pib and polyPiBSA from a 
previous run are charged to the reactor. Thermal process 
PIBSA or chlorination process PIBSA may also be used in lieu 

26 of or in addition to polyPiaSA. The ratio of pib to 

27 polyPiBSA should be such as to assure complete solubility of 

28 maleic anhydride in the mixture at reaction conditions if 

29 polyPlBSA is not added at a sufficient level so as to * 

30 maintain total maleic anhydride solubility, the rate of 

31 reaction can.be negatively affected, and the formation of 

32 resin may be likely. To maximize reactor productivity, the 

33 -Inimum amount of polyPiBSA that is necessary to maintain 

34 total solubility of the maleic anhydride charge should be 



20 



23 
24 
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03 



used. The reactor is stirred and heated to the desired 
reaction temperature, and the maleic anhydride and free 
radical initiator are added at the appropriate time/times 

04 during this step. Reaction times will vary with temper- 

05 ature, concentration of reactants, and types of free radical 

06 initiators. Reactions performed at 140»C, for example, were 

07 nearly complete according to ^^c MHR in roughly two hours. 
When the reaction is complete, removal of any unreacted 
maleic anhydride can be accomplished by increasing the 
reactor temperature to 150»C to 2S0-C, preferably 180»C to 

11 200»C, while applying sufficient vacuum. This procedure 

12 also tends to decompose any remaining free radical initia- 
ls tor. Another method for removal of unreacted maleic 

14 anhydride is the addition of a solvent (e.g., hexane) which 

15 solubillzes the polyPlBSA and precipitates the maleic 

16 anhydride. The mixture then is filtered to remove the 

17 maleic anhydride followed by stripping to remove the 

18 solvent. 



08 
09 
10 



19 
20 



If the reaction is run continuously, a continuous stirred 

21 tank reactor (CSTR) or series of such reactors can be used. 

22 Reaction conditions should be selected to maintain the bulk 

23 concentration of polyPlBSA at a sufficient level to maintain 

24 maleic anhydride solubility in the reactor or series of 

25 reactors. A continuous reactor is thought to be partlcu- 

26 larly advantageous for reactions carried out at the lower 

27 temperature range. As the temperature is reduced, the 

28 maleic anhydride solubility in the polyPiBSA/polybutene 

29 mixture decreases and this necessitates that the polyPiBSA 

30 concentration be increased or the maleic anhydride concen- 

31 tration be decreased so that total solubility of the maleic 

32 anhydride is maintained. in a batch process an increase in 

33 the initial charge of polyPiBSA can result in a decrease in 

34 reactor productivity. Likewise, decreasing the maleic 
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05 



!nh H " extending the addition of „aleic 

anhydride over a ti«e period can decrease reactor produc- 
tiv ty. on the other hand, in a CSTH at steady state con- 
ditions the polyPiBSA concentration in the bul. fixture is 
not only constant, but it is essentially the same the 

06 product exiting the reactor. Therefore, the polyPXBSA 

07 concentration in a CSTR is at a „axi«u« (eguaf to th^ 
polyPiBSA product for a single stage CSTR) wh«n . 
a simple batch process where the afi 11 ^^^"P-'^ed to 
at th« POlybutene is charged 



07 
08 
09 

«A mt- «.».-. w M . — - *"'*x»'"fcBne 18 charged 

10 at the beginning of the reaction «„d the poIvpIbsa ^ 

11 tration is at a minimum. ^he polyPiaSA concen- 

12 



Por the continuous reactor, the temperature can r«n«» 
90-C to 210OC and preferably f.om Jooc to ISO^C pzb " 
coit\: "T'"'' free-radical initiator can be fed 

certain 1" ^''/'^""''*'^ " " -^"tain a 

certain level of conversion of the reaet-ni-- «. 

. ° : :« "■>»• "ofc to «o.c to 

.tclp off any unr.aoted mal.ic anhydrid. .„d to decompose 

23 .ued to facilitate removal of the unteact.d malelc 

24 anhydtida. It i. envisioned that a wiped fii. .v.oor»^ 

25 .i.il.r types of e,uipme„t .ay ^ suitable this t" ,f" 

26 operation. type of 



13 

14 

15 

16 

17 

18 

19 

20 

21 



27 



28 m one envisioned embodiment, the reaction product of an 

Z '""^^^^ --'^ ^ ^^^^^ -olecular^elght 

30 Mgh vxnyiidene-containing olefin is further reacted 

31 thermally, m this embodiment, any unreacted olefin 

32 generally the more hindered olefins, i.e., the non-vlnyl- 

33 idene, that do not react readily with the unsaturated acidic 

34 reactant under free radical conditions are reacted :ith" 
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unsaturated acidic re^ctant under thermal conditions, i.e., 
02 at temperatures of about 180« to 280»C. These conditions" 
are similar to those used for preparing thermal PIBSA. 



The reaction solvent, as noted above, must be one which 
dissolves both the acidic reactant and the high molecular 
weight olefin. It is necessary to dissolve the acidic 

08 reactant and high molecular weight olefin so as to bring 

09 them into intimate contact in the solution polymerization 
reaction, it has been found that the solvent must also be 

11 one in which the resultant copolymers are soluble. 



13 It has been found that a small amount of haze or resin, 

14 typically less than one gram per liter, is observed at'the 

15 end of reaction. Accordingly, the reaction mixture is 

16 typically filtered hot to remove this haze or resin. 



18 m general, after the reaction is deemed complete, for 

19 example, by NMR analysis, the reaction mixture is heated to 
decompose any residual initiator. For a di(ti-butyl) 

21 peroxide initiator, this temperature is typically about 
160'C. 



24 The isolated copolymer may then be reacted with a polyamine 

25 to form a polymeric succinimide. The preparation and 

26 characterization of such polysuccinimides and their treat- 

27 ment with other agents to give other dlspersant compositions 

28 is described herein. 

29 

30 A(4) Preferred Copolym ers 

31 

32 Preferred copolymers prepared by the present process include 

33 those where an unsaturated acidic reactant, most preferably 

34 maleic anhydride, is copolymerized with a "reactive" 
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03 



polyisobutene, i„ „hich at least about 50 oer.. . 
the polyisobutene co«p.i.es the alk^lvinyiLer " 



oiore of 

e 

04 "polyPlBSA". ' -««"ner, to give a 

05 



preferably, th, .ethyivi„yi,ae„.. i„«er. t 



06 
07 
08 
09 

10 
11 
12 
13 
14 
15 
16 



Preferred are polyPiBSAs wherein the polyisobutvl 
an average »olecular weight of about 50« ^ k 
preferably fro« about 950 to about " sOO ! 
polyPIBSAs having an average degree of I Z"*""*^ 

about 1.1 to about 20, „ore preLir ^ '"^""'""^ 
about 10. preferably fro» about 1.5 to 



B. 



j>OLYSUCgTMTMT,>p,. 



20 

21 



AS noted above, polyaaino polyeucclnlmi^^. 

tly prepared by reactinn » ■^y«"»<^inimldes aay be convenien- 
17 process with a polyene pT "^'^ ^"-"^ 

IS prepared includ: ^ys.^:^^:^^ - 

" :~ r™ 1^^^^^ ^^-r:^^:4oZrrn.. 

i'wj.yaniine conponent reacts wi4-K - 
group fro« each of two copolymer aol^/i «"ccinic 
ni«ides (Where a polvamin! »«i«<=«les), higher succl- 

23 9r»up £ro. „ch of .or. th.n , ! , " """" ' •">='=inlc 

depend on t.. ctr^e^'ofe r::::^"-"r'" 
2* .roup. i„ t.e copoly... lol." !. '° 

28 .uccinlc ,ro„p. i„ oopolyler of .^1 0 'I .T^ '° 

29 "onopolysueelnlalde is obt.ln.- Predo«ln.tely 

30 POlya-lne to .ueclnlc o^o' 

succinic group in copolvraer ^ - 

31 produce predominatelv hl«_Li..- ^^^^f"**^ °« about 1;2 nay 



31 produce predominately bis-polysuccinlTri ' 

32 s„ccini»i.es may be produced if tbe"e 3 J. 

33 Polyamine so that it may react with a . - the 

34 each of greater than 2 Lpolyme: m\\e.ur:s""^ '""^ 
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01 The copolymers made by the present process, including 

02 preferred copolymers such as polyPZBSA, may be post-treated 

03 with a wide variety of other post-treating reagents. U.S. 

04 Patent No. 4,234,435, the disclosure of which is incorpo- 

05 rated herein by reference, discloses reacting succinic 

06 acylating agents with a variety of reagents to give post- 
07 treated carboxylic acid derivative compositions which are 
08 useful in lubricating oil compositions. 

09 

10 C, LUBRICATING OIL COWPOSITIONS 

11 

X2 The copolymers, polysuccinimides and modified polysuccini- 

13 mides described herein are useful as detergent and disper- 

14 sant additives when employed in lubricating oils. When 

15 employed in this manner, these additives are usually present 

16 in from 0.2 to 10 percent by weight to the total composition 

17 and preferably at about 0.5 to 8 percent by weight and more 

18 preferably at about 1 to about 6 percent by weight. The 

19 lubricating oil used with these additive compositions may be 

20 mineral oil or synthetic oils of lubricating viscosity and 

21 preferably suitable for use in the crankcase of an internal 

22 combustion engine. Crankcase lubricating oils ordinarily 

23 have a viscosity of about 1300 CSt 0*F to 22.7 est at 210"F 

24 {99*C). The lubricating oils may be derived from synthetic 

25 or natural sources. Mineral oil for use as the base oil In 

26 this invention includes paraffinic, naphthenic and other 

27 oils that are ordinarily used in lubricating oil composi- 

28 tions. Synthetic oils include both hydrocarbon synthetic 

29 oils and synthetic esters. Useful synthetic hydrocarbon 

30 oils include liquid polymers of alpha olefins having the 

31 proper viscosity. Especially useful are the hydrogenated 

32 liquid oligomers of Cg to C^j alpha olefins such as 1-decene 

33 trimer. Likewise, alkyl benzenes of proper viscosity, such 

34 as didodecyl benzene, can be used. 
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03 



09 



Blends of hydrocarbon oils with synthetic oils are also 
useful. For example, blends of 10 to 25 weight percent 
hydrogenated 1-decene trimer with 75 to 90 weight percent 

04 150 SUS (100»F) mineral oil gives an excellent lubricating 

05 oil base. 

06 

07 Lubricating oil concentrates are also envisioned. These 

06 concentrates usually include from about 90 to 10 weight 
percent, preferably from about 90 to about 50 weight 

10 percent, of an oil of lubricating viscosity and from about 

11 10 to 90 weight percent, preferably from about 10 to about 

12 50 weight percent, of an additive described herein. Typi- 

13 cally, the concentrates contain sufficient diluent to make 

14 them easy to handle during shipping and storage. Suitable 

15 diluents for the concentrates include any inert diluent, 

16 preferably an oil of lubricating viscosity, so that the' 

17 concentrate may be readily mixed with lubricating oils to 

18 prepare lubricating oil compositions. Suitable lubricating 

19 oils which can be used as diluents typically have viscosi- 

20 ties in the range from about 35 to about 500 Saybolt 

21 Universal Seconds (SUS) at lOCP (38»c), although an oil of 

22 lubricating viscosity may be used. 

1 



23 



24 Other additives which may be present in the formulation 

25 include rust inhibitors, foam inhibitors, corrosion 

26 inhibitors, metal deactivators, pour point depressants, 

27 antioxidants, and a variety of other well-known additives. 
28 

29 It is also contemplated that the additives described herein 

30 «ay be employed as dispersants and detergents in hydraulic 

31 fluids, marine crankcase lubricants and the like, when so 

32 employed, the additive is added at from about 0.1 to 10 

33. percent by weight to the oil. Preferably, at from 0.5 to 8 
34 weight percent. 
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01 D> FUEL COMPOSITIONS 

02 

03 When used in fuels^ the proper concentration of the additive 

04 necessary in order to achieve the desired detergency is 

05 dependent upon a variety of factors including the type of 

06 fuel used, the presence of other detergents or dispersants 

07 or other additives, etc. Generally, however, the range of 

08 concentration of the additive in the base fuel is 10 to 

09 10,000 weight parts per million, preferably from 30 to 5000 

10 parts per million of the additive per part of base fuel. if 

11 other detergents are present, a lesser amount of the addi- 

12 tive may be used. The additives described herein may be 

13 formulated as a fuel concentrate, using an inert stable 

14 oleophilic organic solvent boiling in the range of about 

15 150» to 400T. Preferably, an aliphatic or an aromatic 

16 hydrocarbon solvent is used, such a benzene, toluene, xylene 

17 or higher-boiling aromatics or aromatic thinners. Aliphatic 

18 alcohols of about 3 to 8 carbon atoms, such as isopropanol, 

19 isobutylcarbinol, n-butanol and the like, in combination 

20 with hydrocarbon solvents are also suitable for use with the 

21 fuel additive. In the fuel concentrate, the amount of the 

22 additive will be ordinarily at least 5 percent by weight and 

23 generally not exceed 70 percent by weight, preferably from 5 

24 to 50 and more preferably from 10 to 25 weight percent. 
25 

26 ^he following examples are offered to specifically illus- 

27 trate this invention. These examples and illustrations are 

28 not to be construed in any way limiting the scope of this 

29 invention. 

30 
31 
32 
33 
34 
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01 EXAMPLES 
02 

03 Example 1 (Comparative) 

04 Preparation of Polyisobutvl-24 PoIvpibsa 
05 

06 To a 12-liter, 3-neck flask equipped with an overhead 

07 stirrer r thermometer , condenser, and heating mantle under 

08 nitrogen atmosphere was added 5,000 grams (5.265 mole) of 

09 polyisobutene of about 950 molecular weight having the trade 

10 name ULTRAVZS-10 obtained from BP Chemicals wherein the 

11 methylvinylidene isomer comprised about 70% of the total 

12 composition, 1547.1 grams (15.79 mole) maleic anhydride, and 

13 2,500 ml chloroform. The mixture was heated to reflux, mnd 

14 to this was added 67.21 grams (0.41 mole) 22'-a2obis 

15 (2-methyl-propionitrite) ("AlBN"). The mixture was refluxed 

16 for two hours at which time an additional 67.21 grams of 

17 AlBN was added. This was followed by another two hours of 

18 reflux and a third charge (66.58 grams) of AlBN. A total of 

19 201 grams (1.2 mole) of AlBN was added. The reaction mix- 

20 ture was refluxed a total of 20 hours, and then allowed to 

21 cool. Two layers formed. The lower phase which contained 

22 mostly chloroform and unreacted maleic anhydride was dls- 

23 carded. The upper layer which contained mainly product and 

24 unreacted polyisobutene was separated. Solvent and maleic 

25 anhydride were removed in vacuo. A total of 4,360 grams of 

26 product having a saponification number of 40.4 was 

27 recovered. 

28 

29 Example 2 (Comparative) 

Preparation of Polyisobutyl-24 PolvPIBSA 



30 
31 



32 To a 1-liter 3-neck flask equipped with a thermometer, over 

33 head stirrer, nitrogen inlet and water condenser, was added 

34 165.02 grams (0.174 mole) polyisobutylene (ULTRAVIS-IO from 
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01 



BP Chemicals) and 105 ml dichloroe thane, then 16.4 grams 

02 (0.167 mole) maleic anhydride were added. The resulting 

03 mixture was heated to about 45»C, and 3.3 grams (0.017 mole) 

04 tert-butylperbenaoate was added. The resulting mixture was 

05 heated to reflux (83»C). The reaction mixture was heated 

06 (with stirring) for a total of 30 hours. The reaction mix- 

07 ture was allowed to cool. The solvent was removed in vacuo . 
06 Unreacted maleic anhydride was removed by heating the resi- 

09 due to ISO'C at 0.1 mm Hg vacuum. A total of 176.0 grams 

10 product was obtained, which had an average molecular weight 

11 of about 5000. The conversion was about 60%. The 

12 saponification number was 73.3. 
13 

Examples 3 to 15 and Examples IC to 5C (Comparative) 

15 

16 Table I tabulates additional preparations following the 

17 basic synthetic procedure outlined in Examples 1 and 2. 
Table I lists the reactants, reaction temperature, time and 

19 solvent, and free radical initiator used. 
20 

21 Example 12 was prepared using polyisobutene of about 1300 

22 molecular weight having the trade name Ul.TElAVls-30 obtained 

23 from BP chemicals wherein the methyl vinylidene isomer 

24 comprised about 70% of the total composition. 



la 



25 
26 



comparison Examples Ic to 5c were prepared using a polyiso- 

27 butylene of about 950 molecular weight prepared with 

28 AICI3 catalysis having the trade name Parapol 950 obtained 

29 from Exxon Chemical. 



30 
31 
32 
33 
34 
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03 
04 

05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 



TABLE I 



26 
27 
28 
29 
30 
31 
32 

33 
34 



Product 

of 
Example 

No. 



8 



10 



11 



12 



13 



Polybutene 

Ultravis-lO 
(165.09) 

Ultravis-lO 
(384.6) 

Ultravis-10 
(330) 



Haleie 
Anhydride 

16.4 



Ultravis-lO 
(384.6) 

Ultravis-10 
(364.6) 

Ultravis-10 
(330) 

UItravis-10 
(330) 

Ultravis-10 
(330) 

Ultravi8-10 
(330) 



Ultravis-30 
(217.1) 

Ultravis-10 
(3350) 



119 



32.3 



Ultravis-10 1547 
(5000) 



119 



119 



32.3 



32.3 



32.3 



32.3 



16.4 



328.3 



Solvent 
(ml) 



» 4 



Dichlo roe thane 
(105) 



Toluene 
(250) 

Chlorobenzene 
(210) 

Dichloroe thane 
(2500) 

« 

Chloroform 
(250) 

Methylene 
Chloride (250) 

Toluene 
(210) 

Xylene 
(210) 

Xylene 
(210) 

Toluene 
(210) 



Dichloroe thane 
(105) 

Chlo r obenzene 
(1600) 



Initiator* 

TBPB 
(3.3) 

AXBN 
(15.5) 

DTBP 
(5.8) 

AZBN 
(200) 

■ 

AIBN 
(15.5) 

AZBN 
(15.5) 

DTBP 
(5.8) 

DTBP 
(5.8) 

DTBP 
(5.8) 

DTBP 
(5.8) 



TBPB 
(3.3) 

DTBP 
(42.6) 



Temp 
•C 



110 



114 



110 



Tine 
R 



83 30 



138 30 



83 13 



74 24 



40 94 



110 30 



144 39 



83-184 26 



138 28 



SUBSTITUTE SH^ET 



wo 91/04959 



PCr/lJS89/04282 



-34- 



01 
02 
03 
04 
05 

06 
07 

oe 

09 
10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 



TABLE I (Cont'd) 



Product 

of 
Example 

No. 



Polybutene 



Maleic 
Anhydride 

(Q) 



Solvent 
fml) 



Initiator* 




Time 
Hrs . 



14 



Ultravifi-10 
(5000) 



515.8 



15 



IC 



Ultravis-10 1031 
(10,000) 

Parapol 950 119 
(384 .6) 



2C 



Parapol 950 
(76.4) 



23.8 



3C 



rapol 

(330) 



950 



32.3 



4C 



5C 



Parapol 950 
(330) 

Parapol 950 
(330) 



32.3 



32.3 



Chloroform 
(3000) 

Chloroform 
(6000) 

Toluene 
(250) 

Oichlocoethane 
(50) 

Toluene 
(210) 

Xylene 
(210) 

Chlorobensene 
(210) 



TBPB 
(102.8) 



72 54 



72 48 
(205.6) than 140 2 



AIBN 

(15.5) 

AIBN 
(2.33) 

DTBP 
(5.8) 

DTBP 
(5.8) 

DTBP 
(5.8) 



110 



83 



110 30 



114 30 



138 30 



AIBN - 2,2'-azobi8 (2-methyl-propionitrite) • 
peroxide; TBPB - tertbutyl pecoxyben*oate 

Molecular weight 1300 



DTBP - di tertbutyl 



ExaPDle 16 

A SOO-nl, 3-necked flask was charged with lOOg of a 
polyPlBSA/polybutene mixture (prepared according to the . 
aethod of Example 5) which comprised about 38 weight percent 
polyPlBSA and about 62 weight percent (0.0653 mol) unreacted 
polyisobutene (of which about 68 weight percent (0.0444 mol) 
comprised the methylvinylidene isomer). The mixture was 
heated to 70«c. Then, 8g (0.0816 mol) maleic anhydride and 
1.7g (0.0116 mol) di-tert-butyl peroxide were added to the 
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01 xalxture. 

02 5 hours. 



The mixture wa r e4-4*-«>«.^ ^ . 

if*. . stirred and heated to ISO-c for 

After allowing the mixture to cool 150 «l k 
was added to precipitate unreacted 

t*ae ..K ^ unreacted maleic anhydride which 

^, was then removed by filtrat^inn mu ^ j wnicn 



03 
04 



Of 0.08 weight percent, as determined by gas chroir"'"! 
The saponification number of the fm.l « ! .*'**'°»*<^''9raphy 

4. w • ^^""^ product was deter- 

mined to be 84 mg KOH/g sample. The amount of unre!!* I 
polybutene was determined to be 28.2% by colul ' 



06 
07 
08 
09 
10 

11 chromatography. 
12 

13 
14 
15 
16 
17 
18 
19 

20 
21 



Example 17a 



of"ll"f": '-""''"^ ""^ Charged with 3752g (3 95 „ol > 

of polylsobutene (BP Ultravis 10) and 2aon„ * ^ 
polylsobutene mixture (prepared acc«din ! ' P^^^^BSA/- 
whlch comprised about 57 wrr«ht III Example 13, 

43 weight percent (1 27 m^l ^ PolyPXBSA and about 

9 peiTcent (1.27 mol ) unreacted polylsobutene n-h^ 

rnhvdr'rd*'" ^r"'" '° ''"^^ (o.iJmoirLr^ic 

anhydride and 2.7g (0.0185 mol) dl-tert-butyl perrxile 

22 (DTBP) were added. a slight exotherm was noticed 

23 temperature increased to 147-0 The Jill ''^^^^ ^^"^ 

24 heated at 140»C for on» k »ixture was stirred and 

at c for one hour. After standlno »t 

25 Perature overnight, the mixture was heated ^o 140^ Ld r7"8 

26 (3.86 «ol) maleic anhydride and 56. 7g (O 388 mol^ ' 

27 were added. The mixture was I ^ °* 

*o i; c K ^ mixture was stirred and heated at 140«c for 

28 6.5 hours. The mixture was allowed to cool to .11* I ! 

29 perature overnight. The mixture was heated to ^^^c " 

30 vacuum was applied at 28 Inches Hg (vac), tho . 

31 was increased to iOO-c. The mixture was 'strl '^7""^"" 

32 and 28 Inches Hg (vac) for 2 h ! stripped at 200-C 

33 -alelc anhydride'. ^ An lys s of t^" f lnaTr^^"^ ""^^'^^^^ 

34 .MK Showed that a signlL cant ^m^^ t"o^"th^"::i;^^^^^^^^^^^ 



SUBSTITUTE SHEET 



wo 91/04959 



PCT/US89/04282 



-36- 

01 nethylvinylidene iBomer had disappeared along with the 

02 maleic anhydride. 

03 

04 Example 17B 

05 
06 



08 
09 



A 22-liter, 3-necked flask was charged with 8040g (8.46 mol ) 

07 polyisobutene (BP Ultravis 10) and 6000g of a polyPlBSA/- 
polybutene mixture prepared according to Example 17a. The 
mixture was heated to 109»C. then 840g (8.57 mol) maleic 

10 anhydride and 126g (0.863 mol) dtbp were added. The 

11 resulting mixture was stirred and heated at 140«C for 5.25 

12 hours. The mixture was cooled to ambient temperature. The 

13 mixture was then heated to 128»C with stirring and an addi- 

14 tional 153g (1.561 mol) maleic anhydride and 23g (0.158 mol) 

15 OTBP were added. The mixture was stirred and heated at 

16 140«C for 3.5 hours and then an additional lS3g (1.561 mol) 

17 maleic anhydride and 11. 8g (0.0808 mol) DTBP were added. 

18 The mixture was stirred and heated at 140»c for an addi- 

19 tional 3.67 hours. The mixture was cooled to ambient 

20 temperature. The mixture was then stirred and heated at 

21 186 "C for one hour while vacuum was applied to strip the 

22 unreacted maleic anhydride from the product. The product 

23 had a saponification number of 85.8 mg KOH/g. Inspection of 

24 the proton NNR spectrum of the final product indicated that 

25 the polybutene methyl vinylidene isomer was significantly 

26 depleted and that the maleic anhydride was totally consumed. 
27 

28 Example 18 

29 

30 Preparation of PolyPIBSA TBTA 

31 Polysuccinimide with a Low Degree of PolYmpr< ^^ ^-^ 
32 

33 TO a 5-liter flask equipped with a heating mantle, overhead 

34 stirrer and Dean Stark trap under nitrogen sweep, was added 
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18 

19 
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22 

23 

24 

25 
26 
27 
28 
29 
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1000 9 polyPlBSA prepared according to Example 17b 
(saponification number 85.8, molecular weight about 2500) 
and 999 g Chevron lOONR diluent oil. The mixture was heated 
to 60»C; then 75.78 g triethylene tetraamine (TETA) was 
added. The mixture was heated to 160»C and kept at tempera- 
ture for 4 hours. A total of 7.0 ml water was recovered 
from the Dean Stark trap. The reaction mixture was then 
maintained at 160»C under vacuum for 2 hours.. The reaction 
mixture was allowed to cool. Obtained was 2018.2 g of 
product having %N-1.35. 



Example 19 



Pol 



Preparation of PolyPlBSA HPA 
inimlde With a 



Low 



lymerizatlon 



TO a 5-liter flask equipped with a heating mantle, overhead 
stirrer and Dean Stark trap (under nitrogen sweep) was added 
1000 g polyPlBSA prepared according to Example 17B 
(saponification number 85.8 molecular weight 2500) and 932 
Chevron lOONR diluent oil. The mixture was heated to 60»C; 
to this was added 142.4 5 g heavy polyamine ("HPA") No. x 
obtained from union Carbide Corporation. The mixture became 
very thick. The reaction mixture was heated to 165»c and 
maintained at that temperature for 4 hours; the mixture 
became less viscous. Then the reaction mixture was heated 
at 165»C under vacuum for 2 hours. The mixture was allowed 
to cool. Obtained was the above-identified product havino 
%N-2.23. 



Example 20 (Comparative) 



33 An experiment was performed in a manner similar to 

34 Examples 17A and 17B, but in the absence of any added 



SUBSTITUTE SHEET 



wo 91/04959 



PCT/US89/04282 



-38- 



01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 



26 
27 
28 
29 
30 
31 
32 
33 
34 



oligooeric copolymer solvent. The resulting mixture, upon 
heating, formed a significant amount of maleic anhydride 
(HA) resin, as indicated by total disappearance of the ma 
peak in the proton NMR, while still leaving a large amount 
of methyl vinylidene protons. Moreover, MA resin formation 
was evidenced by the product being stuck to the reactor 
walls and the formation of tar. 



Pro 



Example 21 
ton NMR Analysis of Reaction 
of Polyisobutene with ma 



The reaction of PIB with MA can be- monitored by proton NMR 
The MA peak in deuterochlorof orm is located at 7.07 ppm and 
the methyl vinylidene olefin hydrogens are at 4.61 and 
4.87 ppm. Disappearance of these peaks, especially the pib 
vinylidene peaks, indicates copolymerlzation with the MA 
IR can also be used to confirm that copolymerlzation is 
occurring. Generally, the reaction is run until the MA 
olefin peak disappears and the methyl vinylidene peaks have 
significantly decreased. 



Example 22 

Saponification Number of pibsa ar^r. p^i..«Tn>7f^ 



Approximately one gram of sample is weighed and dissolved in 
30 ml xylene in a 250-ml Erlenmeyer flask at room tempera- 
ture, unless otherwise noted, the polyPiBSA product samples 
were filtered at about reaction temperature to remove any MA 
hydrolysis product (i.e., fumaric acid) and any poly ma 
resin. 



Twenty-five ml of KOH/methanol is added to the xylene 
solution. A reflux condenser is attached and the nixtur 



e is 
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01 heated to reflux using a hotplate/stirrer and held at reflux 

02 for 20 minutes. A ceramic spacer is pieced beneath the 

03 flask, and 30 ml of isopropyl alcohol is added through the 

04 condenser. The sample is then cooled to about room temper- 

05 ature and back titrated with 0.5 Normal HCl, using a Metrohm 

06 670 auto titrator and a Dosimat 665 pump system. 
07 

08 Comparisons with blanks provide the saponification number 

09 (SAP number), which is mg of ROH/gm of sample. 
10 

11 Examples 23-25 

12 

13 Examples 23-25 were carried out following the general 

14 procedure of Examples 16, 17A and 17B. The results are 

15 shown in Table IZ. 

16 

17 in Example 24, proton NMR showed a significant consumption 

18 of polyisobutene methyl vinylidene isomer and maleic 

19 anhydride. In Example 25. the maleic anhydride and free 

20 radical initiator were added by slugs. 
21 

22 Example 26 

23 

24 A reaction mixture containing 350 grams of a 45 weight 

25 percent polyPIBSA and 55 weight percent unreacted polyiso- 

26 butene mixture having a SAP Number of 34 was combined with 

27 ISO grams BP ULTRAVIS 30, a high vinylidene polyisobutene 

28 having an average molecular weight of about 1300 and 176 

29 grams of a Chevron 100 neutral lubricating oil. The mixture 

30 was heated to 50 •C. Twenty- two (22) grams of maleic 

31 anhydride and 5 grams of t-butylperoxy-2-ethyl hexanoate 

32 (t-butyl peroctoate) were added. The reaction temperature 

33 was raised to 90'^C and held at this temperature for 4 hours. 
34 
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01 A product with a SAP Number of 26 was produced. Proton NMR 

02 indicated a very slow reaction rate. 
03 

04 Example 27 

05 

06 A reaction mixture containing 500 grams of a 45 weight 

07 percent polyPlBSA and 55 weight percent unreacted polyiso- 

08 butene mixture having a SAP Number of 34 was combined with 

09 214 grams BP ULTRAVIS 30, a high vinylidene polyisobutene 

10 having an average molecular weight of about 1300. The 

11 mixture was heated to 110»c and 31.4 grams of maleic 

12 anhydride was added. Every 15 minutes starting from the MA 

13 addition time, 6.53 grams of 100 neutral oil and 0.73 grams 

14 of t-butylperoxy-2-ethyl hexanoate (t-butyl peroctoate) were 

15 added. Additions were continued for the first 2 hours and 

16 30 minutes. Thereafter the reaction was held at 110"C for 

17 5.5 hours; This produced a product which had a SAP Number 

18 of 31. Proton NMR showed a slow reaction rate. 
19 

20 Example 28 

21 

22 A reaction mixture containing 464 grams of a 45 weight 

23 percent polyPlBSA and 55 weight percent unreacted polyiso- 

24 butene mixture having a SAP Niimber of 34 was combined with 

25 316 grams BP ULTRAVIS 30, a high vinylidene polyisobutene 

26 having an average molecular weight of about 1300. The 

27 mixture was heated to 120»C and 31.2 grams of maleic 

28 anhydride and 5.85 grams of t-butylperoxy-2-ethyl hexanoate 

29 (t-butyl peroctoate) were added. The reaction temperature 

30 was raised to and held at 120»C for 6 hours. A product with 

31 a SAP Number of 33 was produced. 

32 
33 
34 
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01 Example 29 

02 

03 A reaction mixture containing 259 grams o£ a 45 weight 

04 percent polyPlBSA and 55 weight percent unreacted polyiso- 

05 butene mixture having a SAP number o£ 34 was combined with 

06 ^''^ grams BP ULTRAVIS 30, a high vinylidene polyisobutene 

07 having an average molecular weight of about 1300. The 
06 mixture was heated to 130®C and 12.6 grams of maleic 

09 anhydride and 3*32 grams of di-t-butylperoxide were added. 

10 reaction temperature was held at 130^C for 5 hours. 
IX Then 5.1 grams of maleic anhydride and 0.7 grams of di-t- 

12 butylperoxide were added. The temperature was raised .to 

13 140'C and then held these for 4.5 -hours. The product, had a 

14 SAP Number of 41. Proton NHR showed a significant reduction 

15 in polyisobutene methyl vinylidene isomer. 

16 

17 Example 30 

18 

19 A reaction mixture containing 896 grams of polyPlBSA conr 

20 taining some unreacted polybutene was combined with 1883 

21 grams BP ULTRAVIS 30. The mixture was heated to 140^C and 

22 grams of maleic anhydride and 21.2 grams of di-t-butyl- 

23 peroxide were added. The reaction temperature was raised 

24 and held at 140*C for 4 hours and then heated to 200^C for 2 

25 hours. The product had a SAP Number of 49. 

26 

27 Example 31 (Comparative) 

28 

29 A reactor containing 721 grams BP ULTRAVIS 30 was heated to 

30 140^C and 38.8 grams of maleic anhydride and 8.2 grams of 

31 di-t*butylperoxide were added. This reaction was done in 

32 the absence of added polyPlBSA solvent. The reaction tern- 

33 perature was held at 140^C for 7 hours. An abundance of 

34 tarry resin, believed to be derived from the maleic 
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01 anhydride was evident. The mixture was filtered hot. The 

02 product had a SAP number of 17 after the resin was filtered 

03 out. The percent actives was 37%. 
04 

« 

05 Example 32 

06 



07 
08 



20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 



This reaction shows that after the copolymer is formed, 
unreacted PIB can be reacted with maleic anhydride to form 



09 thermal PIBSA 
10 



11 PolyPlBSA prepared in a manner similar to Example 17B having 

12 a SAP Number of 66 was charged to a reactor and heated to 

13 204»C. A molar equivalent of MA (43.3 g), relative to 

14 unreacted non-vinylidene polybutene, of ma was added and the 

15 mixture heated to 232 'C and held at this temperature for 

16 4 hours. The temperature was reduced to 210»c and the 

17 pressure was reduced to 28 inches of mercury. The reduced 

18 pressure and temperature was maintained for one hour. Then 

19 the mixture was filtered. The product had a SAP Number 
of 88. The results of Examples 26-32 are shown in Table ll 
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OX WHAT IS CLAinSD IS: 
02 

03 ^- ^ process for preparing an oligomeric copolymer o£ an 

04 unsaturated acidic reactant and a high molecular weight 

05 olefin having a sufficient number of carbon atoms such 
05 that the resulting copolymer is soluble in lubricating 

07 oil and wherein at least 20 weight percent of the total 

08 olefin comprises an alkylvinylidene isomer, which 

09 process comprises reacting the high molecular weight 
xo olefin with the unsaturated acidic reactant in the 

11 presence of a solvent which comprises the reaction 

12 product of an unsaturated acidic reactant and a high 
X3 molecular weight olefin. 

14 

X5 2. The process according to Claim 1, wherein the 

X5 unsaturated acidic reactant employed to produce either 

X7 the copolymer product or the solvent is of the formula: 

18 

19 O O 

20 I I 

X-C-CHs=CH-C-X ' 

21 

22 wherein X and X' are each independently selected from 

23 the group consisting of -OH, -CI, -O-lower alkyl of 1 

24 ^ carbon atoms and when taken together, X and X' 

25 are -0-. 

26 

27 3. The process according to Claim 1, wherein at least 50 

28 percent of the total olefin employed to produce the 

29 copolymer product comprises an alkylvinylidene isomer. 

30 

2x 4* process according to Claim 1, wherein the high 

22 molecular weight olefin employed to produce either the 

33 copolymer product or the solvent has an average 

34 molecular weight of about 500 to about 5000. 
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The process according to Claim 1, wherein the high 
molecular weight olefin employed to produce either the 
copolymer product or the solvent is polyisobutene 



01 5. 
02 
03 
04 

05 6. The process according to Claim 1,. wherein the 

06 oligomeric copolymer produced has an average degree of 

07 polymerization of about 1.5 to about 10 

08 . 

09 7. The process according to Claim 1, wherein the acidic 

10 reactant employed to produce the copolymer product i 

11 naleic anhydride and the alkylvinylidene isomer 

12 employed to produce the copolymer product is 

13 methylvinylidene. 
14 

15 8> 
16 

17 polyisobutene. 



m 

The process according to Claim 1, wherein the solvent 
comprises the reaction product of maleic anhydride and 



IB 

19 9. 

20 

21 



The process according to claim 8, wherein the solvent 
comprises thermal pibsa or chlorination process pibsa. 



22 10. The process according to Claim 1, wherein the solvent 

23 comprises the oligomeric copolymer product of said 

24 process. 



25 



26 11. The process according to Claim 10, wherein the solvent 

27 comprises polyPiBSA. *^"nt 



28 



29 12. The process according to Claim i. wherein the solvent 

30 comprises either (a} an oligomeric copolymer of an 

unsaturated acidic reactant- « w 

reactant and a high molecular weight 

32 olefin, or (b) a monomerlc adduct of an unsaturated 

33 acidic reactant and a high molecular weight olefin in 



31 
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at least a one to one mole ratio of acidic reactant to 
02 olefin; or a mixture thereof. 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 
14 
15 
16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 
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